The success of minimally invasive procedures under MR-guidance can be increased by the knowledge of the current needle pose. We hypothesize that a one-toone mapping exists between the needle orientation with respect to the static magnetic eld and the cross-sectional shape of the needle's susceptibility artifact. For this purpose, we derived a mathematical model, which describes the cross sectional geometry of the needle artifact. It is approximated by two ellipses. Certain parameters of these ellipses can be utilized for mapping the geometry of the needle artifact onto the needle orientation. The relation between the two ellipse parameters α (inclination of the semi-major axis) and b (length of the semi-minor axis) and the needle's azimuth angle can be approximated by linear regression in a certain angle interval. A combination of these two ellipse parameters is suitable for estimating the needle's azimuth angle within a range between
Introduction
The success of minimally invasive procedures under MRguidance can be increased by the knowledge of the current needle pose. The di erence of the magnetic susceptibility between an intervention needle and the surrounding tissue generates a large susceptibility artifact in magnetic resonance images. We hypothesize that a one-to-one mapping exists between the needle orientation with respect to the static magnetic eld and the cross-sectional shape of the needle's susceptibility artifact. Features are derived from the shape geometry, and signi cant features are identi ed that map the shape geometry onto the azimuth angle of the needle. 
. Methods
For the purpose of deriving features from the shape geometry of the needle artifact, all points of the artifact boundary have to be determined. Therefore, a gray scale value based segmentation algorithm was applied to the MR-images. The segmentation results of one exemplary needle artifact for ϑ NH =
• and φ NH = • is shown in g. 2. As can be seen from this image, for the chosen imaging sequence, the shape of the needle artifact is very characteristic. It can be described by 4 lobes, of which 2 are opposed.
. . Ellipse approximation
All points of the segmentation line are de ned as a set X. The 2 pairs of opposed lobes of the needle artifact are roughly oriented horizontally and vertically. Let the set X consist of 2 disjoint sets H (horizontal) and V (vertical) with H ∪ V = X and H ∩ V = ∅.
The points of these sets shall be approximated by one ellipse each (E H , E V ):
with the rotation matrices
and
and ≤ β < π. The parameters of the ellipses are (cf. g. 3) a, the length of the semi-major axis, b, the length of the semi-minor axis, α, the inclination angle of the semi-major axis, and (x,ȳ) , the center point.
Fitting is performed by non-linear least squares, optimizing the squared sums of orthogonal distances e H and e V from the points to the tted ellipse E H and E V , respec-
Since the membership of points to one of the sets H or V is not known previously, a number of di erent constellations is assumed. These constellation distinguish in the number of points and their angle interval. For each constellation, the two ellipses E H and E V are approximated and their approximation errors e H , e V are determined. As the optimal membership distribution, that constellation is chosen, which leads to the lowest product J = e H · e V of over-all approximation errors for E H and E V .
Results
For every imaged needle orientation, the needle's artifact geometry has been approximated by two ellipses E H and E V . Figure 3 shows the optimal membership distribution ellipse approximations for ϑ NH =
• and φ NH =
• . The parameters of all optimal ellipse approximations for every imaged needle orientation are listed in tab. 2. Figure 4a shows the relation between the inclination angles α H of the semi-major axis of the ellipse E H and the azimuth angle φ NH of the needle. Figure 4b shows the re- 
